éYSTEM FOR LATERALLY POSI TI ONILNG A TOWED MARI NE CABLE AND NET{#@%EJ;{
SAME The i'nvention relates to-towed marine cable control prac mor e
harticulardy to the positioning of a to 2d seisnic cable in a desired

hori zontal orientation by renot e contro = Thi S - i nvention provides a.system
for controlling the | aferal owed by a
v-e.ssel and havi ng adj u¥3{Ee - Al e mari ne cabl e
at a plurality of spaced- apartABLCESnNmOAES’meﬁgusmGdsml e for varying
lateral thrust to said cable Tn response to control signals fromthe
vessel, the inprovenent conprising: (a) a notor- associated with each
control surface for Thetmvengmmrellateat toltowed fmacind |cahiea cnatntcrlabranischi on

at. which no | r rked C Ie on -
at which a deg-'rser@J ?éer aF %% gn?g e p&ﬁt?@ﬁdﬂpoéga Féf% cg%cté}ﬂw ng
means associ atedesdTed Rardmortait omertatiqtbyfmmoae@mtr@ «the control signals
from sai d vessel " angnpg quEhﬁQm%fd\h@Eseé QGEEdnC f‘Gi-”c'bﬁﬂfol‘?.me' { slaraand

direction necessary to_cause, said tor to'rotate said contfol surface of
sai d second p&9FitisR; OYc?)'“ﬁ’é‘dﬁsc%E?mge@Wq RY i YBSE®In BP8I NYdPG ace for

aut omat | ca:jl Iyaaglhstramélg:o‘rn?rﬁl GoFfacels SPriegetd @as@indriqicaBle le passti on af ter
e desired la s 0 _sa sai d contro
surface, saidP ﬁr‘éﬁ%& FPF apﬂ% pogg Pﬁr%llopgysﬂ'% g%qle ﬁ%é VBFYH® in :

circul ar oriedatéradnthrysti o satdnsabnleniredespdrisentd wentiolcsligmaler Femt aheon
of said switc or th control surface, the
UGl 0 bt CRLARE Lo

rotational novénen y activating said swtches to

provi de an orientati{ah & gotir peprciabed aithesash consrdi rauataes famd nagni t ude

of the rotati epe&finhheaiGOREAQ0] SaFAEE: FraRla neutfal pbbidioRE VLS no
.convertlng sal d oriéntation si
lateral thrust is ingarted to said cable to a second position at
which a desired lateral thrust is 1mparted to said cable;
| (b) receivxng means associated with each control surface for
decoding the control signals from said vessel and produ01ng a first
electric current of magnitudé and direction necessary to cause said
motor to rotate said control surface of said second position;

(c) means associated with each control surface for
automatlcally returning said control surface to said neutral
position after the de51red lateral thrust has been imparted to said
cable by said control surféce, said means comprising:

(1) a plurality of switches fixed in circular
orientation;
(11) a cam.mounted within the circular orientation
of said switches’ for rotational movement with
control surface, the rotational movement of said
cam sequentially activating said switches to
 provide an orientétion s1gna1.:epresentative _
" of the direction and magnitude of the rotation
of the control surféce; and |



to a second electric current of magnitude and direction npecessary to cause
- sai d notor t& rotate said control surface back to said neutr al p05|t|on

ANi ne seismic exploration is often conducted by nmeans of a narine-cable
anf aining a multiplicity of seism-c2sensors, known in the art as a :
eanmer, which is towed beneath the surface of the water by a vessel over

creating seismc distur banctosalsaacbhe ednc*ericabor@rlthaf magattudeyasdii t abl e

G ass.currents tend to ori ArEHASN RESabL tr A Rg, fPISNE RS 7 (0T on

whi ch degrades the quality mtatmsasélmtmhéuafw bagk &9. sawmemtrals
desirable to be able to tO\# s ¢ cable in-a straight line along a

sel ect ed headi ng despite the resence of cross-currents and the [ike which-
tend to drive segn\é&itl@eo‘ieltsﬁéc anpleratdan| ks piten gongugtegndy meags ced

track. OQbsp ?‘Eirf‘eS cAbfe %Sﬁﬁéﬂdiﬁé @Hﬁ@t‘iﬁl&&?g Wi §éls‘irﬁccsertsbes,t w\bm messel to

break away fromt track so as to av
t hese cabl §§eaﬁf1'é 8% tFLERATIET 3. Whigh ’(52 %tqgéhﬁtwr il q%e rc%nsum ng

det our nusiaber HRde Jeesel Wvertdre agbsttache smemlo suepegsd.i oterteiralhabl e al ong

5ol ect od sab0 SRIVEYS FERALSOER TARTIE, SERE 4RRECH Or' | 2O TR The

cabl e bei ngrégatedmigedadite orf braokxam ¢he maﬁoon lezestisigesaksmiad t he
opstact oo BELIRAREROSH bl WbBE: 3B RheNGbR%) SASkaflB bt Atnd! de of

t he obstac ol drng a our era 05|t|on|ng of a
t owed cabl eecardingssigneds Rr@gmedabpie %SEl%IH@eﬁﬁﬂﬁﬂrﬁga% H’eré%]s‘—t i ng position

of the Cabtfoegl.%umﬁeégtéﬁd 3] an%sm@@aepélltatefhn 8Ff RhaOtidpR, latter
aspect first, desig remot el ar:]d.{tm F bI e |l agferal posit.i OntquT deV| ces

for use wi cANdEiign @@Hdd?ﬁqﬁéFs tt&ﬁeﬁu &he| saisnic datatolden
Patents 3, GRGs 6t4 1 6 s eablanto be3 301 1 (:Mataess:lsmmeeatﬁedmca sseaight

line along a selected headlng despite the presence of cross-currents
and the like which tend to drive segments or the entire cable
laterally from the selected track. -

Obstacles are somet imes encountered which force the towing |
vessel to break away from the track so as to avold damaging the
towed cable. As these cables are often over 3.2 km (2 miles) in
length, a time consuming detour must be made to avoid the obstacle
and to reposition the cable along the track. It is therefore also
desirable to be able to controllably move selected sections of a
-marine cable laterally to the directlon in whlch the cable being
towed so as to, for example, steer the cable around the obstacles
and to reposition the cable along the track on the far side of the
obstacle whlle avolding a lengthy detour.

Lateral positioning of a towed cable comprises two basic
aspects. determinlng_the_existing position of the cable and moving
it to a desired position. Examining the latter aspect first,
designs for remotely controllable lateral positioning devices for.

" use with seismic and other towed marime cables are disclosed in U.S.
Patents 3,605,674 (Weese) and 4,330,278 (Waters). Weese discloses

: u
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Iaterally and vertically posittoning a streamer or other towed narine
cdbl e. Each device is nmounted around the cable and, depending upon the
enbodinent is provided with pairs of vertical or vertlcal and hori zont al

ns rotatable for directional control. Waters disclaoses a different-

#B/dlnent of a-depth and lateral -positionizag apparatus conpri si ng
vertically oriented hydrofoil supported fromthe sea surface by a float and
in turn supporting a length of the towed cable by resilient connecting
means. In Wese, an undefined signal is generated and transmtted in_an

Sonsing and act U pog BOCL e T T eaeh o pr et TR 1SRN 2 °
whi ch acconpl i shglea Fﬁaﬁ'g VeRtigallyRosit ing\%tng%é?"FErQ%é hefi teedses a
control nethod amwarimscable: a&:amardéuieefi&rmmutedtmmom lthie wablé iapdj ng a '
multiplicity of t de |n ata
sel ected headi ng # %\ﬁe oW ng E’b)taa?'%f ﬂ é?@/ lg8 ﬁo%&ggfqh s

descri bed. by Wat M#@lumm@eon%ﬁl §§1%é‘@¢a#éb3ﬁ ﬁesuctnermingal @Qn ual
lateral positi onImeﬁeuimeseﬁevemeremﬁem&a%e&eberﬂéﬂ:ﬂﬂa@daﬁmﬁ oring.

t he | t f t bl e k th

| cating and o PSEvRLeG BPgnakls SRR BoLEALL oRLethed JHSRNEe  sonar
transponders posisupporded dfiroscthec sexl spofface sbyaBofipat handc imtern Bupporting a
{ransponders can 1BRgttSeH (R FoykAridtiy 131 EMSe ElnCRTBRERAT ViEQUbATENt

In the tow ng vess data fr I ch ‘headi
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each transponder 3R ‘t"??e?ygﬁﬁ’eﬁigrl% 3:%189'?% %s’?@f‘s‘@éﬁe é-”c%ﬂ @Uﬁ%ﬁcééibe‘i/‘éese
alternately suggefatlsiummldrgrwmstﬁsthlm(taeldablefbetih@ toRbd eoba éh@ ptiztat al

ot hodof 1 ocat |13 o 8743 ks Rckabing ) et S Ehan ol Thb BRI ndSut1 SRR,
‘towi ng vessel isdguire vhich aecomplisheatthet rababbon 8f 7thel Binshal Watersifurtterch
di scl oses det er mMdasdlpsbé@r boTB] Gethod %nedac%abdie Bppardey irhy 'a%ﬂorﬁd’c%c g' es

2s magneti ¢ nort Rosgiasang @k EpHGty o, Fhe 1AGsel rpstianios seviessaiong ™"

- a straight line at a selected heading ‘from the towing boat. The
cpntrol method and apparatus described by Waters is unsuited for
selectively positioning individual lateral positioning devices.

B 'Several means for determining and monitoring the location

~ of a towed cable are known. Weese and Waters both suggest locating
‘and monitoring the position of the towed tablé by means of sonar |
transponders positioned at selected points along the cable. The
transponders can be used in a variety of ways with complementary

equipment in the’ towing vessel to provide data from which the range
and heading of each transponder with respect to the towing vessel
can be calculated. Weese alternately suggests monitoring the
-location of the cable by horizontal ranging sonar, presumably on the
towing vessel. :

~_ An entirely different method of locating a streamer or

other marine cable with respect to a towing vessel is described in
U.S. Patent 3,953,827 (Le Moal et al) which discloses determining

- the locus of a towed cable by identifying the angles of tangents to
‘the cable with respect to a fixed.end known direction, such as )
magnetic north, at a plurality of known measuring points along the

several variati-ons of a renotely cohtrolled device for laterally or ' @




-4- cable. The angular information is supplied.by a sui tabl e sensor, | ocat ed
at,_each nmeasuring point, preferably a nagnetic conpass. Means are also

vided for coding and transmitting the neasured angular val ues -by means
electronic pulses to a central station. The position of each measuring
poi/nt is determ ned by approximating that part of the towed cable | ocated, .
‘between the sensors .to a circular arc, tfe length of which is known from 7

t he spacing of the sensors, while the angular value of the arc is .
determned fromthe differences between the angles forned by the tangent to
the cable at the neasuring points and the fixed and known direction.  The-

posi tions of o&@g;pﬁﬁg\&prﬁﬁf#nﬁﬂfoaq@%nt e Saﬁ?iﬁd?t?)ﬁ al 8§t afEd @eRddred by

|nterpolat|on ansduce oca net hods descri bed by
Wese and Watlnceted lab eashMessupingapoinks RReTaraRiys Ris? TREMBRIECAPEE ot

det er m nat i Onudahs! dilel §1dd BRSVidEd lfae é‘oﬂ@h@ ahﬂtﬂﬁﬂmiﬂtﬁnmemeasgrqml nts.

Thi s |nfornat|on IS t I .
preci se | ocat 3Gy ity "FL%FPSSE’YI i3 ar@e%ﬁ%’?‘ %egeéq H‘e&snglyé]\f/r?ég vx/nere the
~desired for cms posiltdonmﬂememasnhmpam&seietamﬂodmydamsmﬂﬁmsuffer
from|oss of Blethbedtl of VheCtliled MBI oiBYed Beited KHeckaiboly a0l zont A

rangi ng sonar the.towed c S shi ]d nder

certain ori en@-‘eﬁc%ﬁﬁs apgs dbe| kepgthy 98 whichpls. EB‘P}Y’E%SW ﬁb € ihae ®of si ght
of the sonar. sdrspbd e WADIE thé gl valueadf Itaegamgiscmaemiabdi dromriiheor i ng

met hod does n&éfflﬁg?en%%f%ett?’?g’b:;géa%@?% F’é‘“ acthgrég BRS Ith! G BShidext ces

al ong the cab pos troning i1nformation in a form
conveni ent f othes aeastrdngl podntsoend the rigixed). apd W@n@im‘:’@m-ZO’@‘e(Rl ce, Jr. et

b chFowse LA G800 YT Bl t bLd ke ek
posi ti oni ng dBYi 16§§m°$a§°”PatQ9ma§Fd2§ilthlgﬁe 3&@%86&&%%4@&&8%% i ne
sei smi ¢ cabl edéseabéd by Weesenandhiiatiers; ithe AesMoabiet alangthed aldawsrithe to
det erm ne  Nenbl Bbigel Uebzangls A5t tnPlechlions 1ADMre Mid13 680886 treo 2
g vessel ™A uce Vi sua & 8 vessel, and
cabl e for nonmmuirﬁ@ pgint@s esthis infomation is of particu " importance in
seismic surveying where the precise location of the streamer sensors
providing the seismic data is desired for correction purposes. The
Le Moal et al method does not suffer from loss of sight of the cable
which may be encountered by horizontal ranging sonar when the distal
 end of the towed cable is shielded under certain orientations by
deflections of the cable lying in the line of sight of the sonar.
Furthermore, the horizontal ranging sonar cable monitoring method
" does not identify the location of the lateral positioning devices-
along the cable nor does it provide cable positioning information in
a form convenient for seismic data correcting. U.S. Patent
. 4,068,208 (Rice, Jr. et al) discloses yet another marine streamer
'position determining system'which however, is unsuited for cable
monitoring use with lateral positioning devices. '

U.S. Patent 4,231 111 (Neely), discloses a marine seismic
cable location system.which utilizes cable tangent headings.to
determine the felativé horizontal position of a cable with respect
to a towing vessel and to produce a visual display of the “towing
vessel and cable for monitoring pu:poses.
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devices are nounted at selected points along-the Iength of a cabl e being
.towed. Pluralities of positioning sensors, such as nagnetic conpasses, are .
| ocat ed at other sel ected points:between the towi ng vessel and first
| at eral positioning device and between adjacent |ateral positioning devices -
f provi di ng signals representing the headi ng of tangents to the cable at
the location of the position sensors. The 3%5|t|on 'sensor generated signals
are used by a conputer to produce signals representing the horizontal

posi tion coordi nates of the vessel and of the | ateral positionlng devi ces
relative to the vessel and to a selecwmﬁ&hea IQ%H such as ‘course nmade

good" headi ng of the vefeRardingd¥, &at F%lyaFE“t;?P Mebatteaa
di splay of the rxsationgéng devidesnare odritedvats selectad podits allongoshé ilenging

devices W th I exP!cdkioIng YRl CIolIRaT flds oPMSLE ITRARFLLAEEIARRGY o ©

used along t he cab ans ‘suc
gyroconpass are rmoeﬁ@eqommsmmq Aecatedsali Oﬂéﬁrr gelested pohotsc betweenitdes to

heaf or esai d Lé’&*&"ﬁ e”%r a8 5"%3.“*?‘5’a"’@"ﬂa“d#ﬂf""i‘*@%"ﬂéé;%*‘i pethias such as
representing the gtfidap{l‘@g Idg\’&eé gﬁ“iﬁﬁ"ﬂh iNdtece sel ect ed
for control and repi:esamﬁimg)mhé cheaﬂ.’mg aﬁttang&ntsntaamde cqablatatothwﬂ.o@té_onﬁor
means wi thin {harschadhesh lsahaial ARG dsRPidAdsdfb GonbOitACEOMRIL SEN0 2
desired control surface adjus nent oresal al i's
generated in resSSAY ﬁoc%‘PﬁT'%}'n&P AFPeNGe) 810NSYS Fseresanting e nogizantal g,

keyb?ar d, or dl N pdisien émamt sier lth@ vabsylcand &fvems ehtexad ﬂo%ﬁ.ﬂdﬂird\gd f '
posi tioni ng devi 00r e .signals ransmi ssiQ e proyi ded for-
Dover gt e B Sl o3 H VBssel’ 8 B st lectRR TRnlida, PR £5 T e
t hrough conduct dihe Yoeurse mede good" besding Slithabiessel.r clite cgordingtech | at er al

p05|t|on|ng devi t
determne if theﬁgréfnsglafé P ?g?{%ge?osbtmﬁ%t%gg% ggﬁt:igé gﬂﬁ%ns d* tm

lateral positiorfe# éWc,Jétequr ees er??YéFewéB’aé;sw% E‘Bcﬁé‘ﬂ %‘?JGFFP(‘H
signal. Mtor adieadingan wheze snagnet icondmpaksexl aby usbe alengdte ¢addss other

- - means such as a magnetic compass and gyrocompass are provided
on-board the vessel for determining corrections to allow for the
‘local magnetic compass variatiohs.- : .

| Accordingly, means such as the aforesaid computer are
provided for generating a coded signal representing the
identification of the lateral positioning device selected for
control and information for the activation and operation of the
‘motor means within the selected lateral positioning device for
‘accomplishing a desired control surface_édjustment. The aforesaid
-control signal is generated in response to a signal provided by
operator means, such as a keyboard, or in direct response to the
- aforesaid vessel and lateral pOsitioning device coordinate signals.
Transmission means are provided for converting the coded control
.signal into a form suitable for transmitting through conductors in
‘the seismic cable. Suitable circuitry in each lateral positioning
" device senses and examines the coded confrol signal to determine if
the signal was directed to that device. In the selected lateral
ﬁositioning deyice,'circuitry further decodes the coded control
~ signal. Motor actuation means are controlled by the decoder means

-5 Accordl ngly, a plurality of renot e“I y controlled, lateral positioning @




"-6- in accordance with the information provided in the coded cqontrol. wor d
nd operate notor neans for the adjustnment .of the lateral positioning’

N rol surfaces in the designated direction and to the desired degree.
aback is provided by updated vessel and | ateral -positioning device °
coor/di nate signals. Additional control signals may be generated in the
deli ously described manner to further position the device or to comence
the rel ocation of another |ateral p05|Fﬁ6n|ng device. In a further aspect
of the invention, coordinates of obstacles in the path of the tow ng vessel
and/ or cable are idéntified with respect to the vessel's position and

entered into the conputer by suitabl e means such as an oper ator keyboard
for entry i nio adeordance withf thendnfarmationdpepyidsd for ther eadask sentsAlwi th the

af 0[ ﬁsal d Coo,taiia f@ﬁ? spehtd h@td&eﬁéﬁshﬂ:%i thétﬁjastmétﬁ'éldﬂ ehé rlatslﬁm ces. In ée; |
anot her aspect. o e 1 nvention_eac er i v rovi de
with meanspf(EP %Bﬂ%ﬁ FeRkTR) SUFfEras ﬁﬁa{:ﬁ? g%?égrt‘%cegl 8121‘ ?4 a’écﬁﬁ‘f’ s to a
neutral ori eesitedndegrea. opeedback isopravided fBygupdatad ivessel and dateralei sni c
expl orati O”mipgiﬂ%ﬁfdehéﬁcﬁgcéd}ﬁiﬁ&%e FgnQﬂs' Frdi¥t3oral Ebﬁ%iﬁi@?%@ bl ock

di agram f or nmoni toring and posi t |on|%? eqU|pnent

i nventi on enPRY\RejoeRerateddncths Brawipeslys mennar, &0 furthefure 3

i [l ustrates tphsitieante tévieendd g rmwtmd |rém1:atmo:darecnotnemaceda1e

| at eral positi ﬁ?ﬁﬁ dEVI%% coordinates with respect to the vessel; Figure 4
represents aPPP %@%F@ or | ocating the bearing of a | ateral p05|t|on|ng
devi ce; Figure 5 il|Insartursber aspentapf dihepinvgnbion, heoordinatiesafes of the

Lo et of SHFCKE 0 B glkens AP el epios papLwiE] Y 110
dg\,, Ee nount é.ge ; ;ygtlé ruespect to 5 the vedanl's ;eagvsiqcion ang o ared)cist ' oni ng
the computer by suitable means such as an operator keyboard for
entry into the matrix of the visual'display for presentation with
"the aforesaid coordinestes of the vessel and lateral positioning
devices.

In yet another aspect of the invention each lateral
positioning device is provided with means for automatically
returning its vertical control surfaces to a neutral orientation
upon operator command. '

Figure 1 illustrates a seismic: exploration system utilizing
the 1nvention- :

Figure 2 illustrates in block diagram form the cable
monitoring and positioning equipment of the invention employed with
the exploration system of Figure 1; T

Figure 3 illustrates the geometric configuration utilized

~ in determining cable lateral positioning device coordinates with
respect to the vessel;

. Figure 4 represents a truth table for locating the bearing
.of a lateral positioning device;

Figure 5 illystrates a visual display of the. coordinates of
the vessel and selected points along the towed cable as determined
by the equipment of Figure 2;

Figure 6 is a front view of a 1ateral positioning device
mounted to a cable'



-7-*Figure 7 is a section vi ew of the Iateral posi tioning device of Fi gure o5
6 as viewed along the section:.line 7-7; Figure 8 is a section view of the

devi ce of Figure 7 as viewed along the section lLine 8-8. In seismc narine
exploration, a surface vessel 10 of Figure 1 tows a seisnic detector cable

or streanmer 11 along a selected line of exploration or track 13. The
hbadlng 15 of the vessel 10 is varied dependi ng upon the absence or.

presence of cross-currents so that the vessgk 10 follows a net or "course
made. good" heading 18 along the track 13. The cable 11 conventionally
enploys a plurality of hydrophones or other suitable seismc wave detectors
(not shown). spaced along its Iength for receiving seismc wave reflections

from geophysi cal stratargoeayhid aeséb%aérk VREw @&@namar pb%iﬁiﬂnﬁn ve
sour ces (not deplcted) uch a a are %%ég ﬁi omed y the
vessel 10 to genffYce & é?Hr@ lr°89| Et? ) iare received
by the hydrophones. Concﬂigmm 8 iwansacgiomwdegwfttm devican@ﬂ Fioumiirays

sei sm c sensor gg %ﬂj Elggag%tgaﬁlg_iﬁgf_ge vessel for recording,

retransm ssion an osl ti oned at known di stances al ong_the

cable 11 are a pl ural i t}no$ejéﬂi-ﬁ daring; exrlonabienn 2 suRtasesvessel slsongf whi ch
are illustrated Figredlirews a aerhnacrﬂateo&ort yabile dniserdmep ol hldhgl ag devi ces

i anal | epr esent PRISSERG 11bE Y, PlsiRebtlon o ook, 1700 00 Pading, 5 BEHET T
‘hori zontal pl anevesselnid ipafatrﬁcdjldmerpddnotupooycmnmenge onepresantengt of
Ejantgents tg Ehe E?dssec@freﬂt@stlrﬁia'tt?heﬂf/e@.ﬂlnlé ftéiRﬂQ éh&t'&n@éc‘iihréé%ahﬁe
eterm ned i o Hcheating B aliro, the. teatkn b - THE RS I R VERISPOR LN g
device 14 is proemplegsvd phuralpty ofl h}tdroprioncardo o‘aiercsmtla_ble setsmicesavehi ch
o, Ena ot BT SGOR Sl hfh Sl Trth You R ET hnle |
is Subj ected at Wewe geflestionsefrep geo sicolestxaha degeaththeygeafloor. One
~ or more seismic wave sources (not depicted), such as airguns, are
also typically towed by the vessel 10 to generate seismic waves, the
reflections of_which are received by the hydrophones. Conductors
running through the streamer 11 carry seismic sensor generated
signals'back to the vessel for recording, retransmission and/or
display. ) ‘ o |
— © Positioned at known distances along the cable 11 are a
plurality of cable tangent heading sensors 12, six of which are
illustrated in Figure 1, and a plurality of lateral positioning
devices 14, three of which are illustrated in Figure 1. Each sensor
12 provides a signal representing the magnetic heading of the |
tangent to the cable in the horizontal plane at that particular
point By knowing the headings of tangents to the cable at a
'plurality of points along its length and the distances between each
of such points, the location of the cable can be determined in a
“manner subsequently described ‘Each lateral positioning device 14
is provided with a plurality of vertical control surfaces which can
be adjusted by remote control as will also be later described so as
to vary the magnitude of the lateral component of force to which
| each device is subjected at any given time as it is towed through
the water. :



"Figuie 2 depicts in schematic, block diagramfaorm a preferred, enbodi nent
n&”’ he i nvention. Each sensor 12, one of which is depicted, includes a
_getlc conpass 12A such as a Mbdel 319 Magnetic Sensor suppl i ed by - ¥
di course, Inc., and a binary control unit 12B, such as a Mdel 350 Binary. .
Control Unit al so by Digicourse, Inc. The readings of the conpasses 12A are ;.
- mul tiplexed by the associated binary cqpLrol units 12B on to.a single pair
of wires 12C running the length of the cable to the on-board cable Iocatlon
~ conputing system Each binary control unit 12B is addressed with its
‘appropriate code nunber by an interrogator 23, a I\/bdel 290 Data Acqui sition

Unit of Digicourse, O"l r%% %}j@%a{n g&%ﬁ‘&&pl B am'%o?:maré pul se from
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nc di
system Al so J&Egﬂ"é‘dcwugﬁ% Systen, nzﬁg':ﬂgaa‘ﬂgjfy %ﬁﬁ) 6\5}%1% f%éea X rgfco: heng
vessel Wwith ragdpessedtwithrifs appmopristericade oumoes o2y @ﬂgi,l‘rtécwtl%% 8 @nd the
~absol ute coo »&’;h&f“% al R EASBh urﬁtaofg uffélwlbeobiﬁapézdl nate |

system from an on- navl gat i on. em_? |
therefore corﬁU&F\?\iﬂf‘éﬂg demics.nhsharh GHi$eeaﬁ?'? é-dmf"(f EO?PH‘BP ﬁg °<fb§0| ute
posi tions of dyage taneei2sanittatesetidultiplexirig odrthefmagnetirabbmpass| ative to

outputted | rﬁmaeﬁp Py 68 Lo U3 ER L0 A-pORidtLEs 181ty §% Wty b
dedicated to Mgrrpgab@aeison/nlso applied to an information register n the '
: interrogator 23 is the heading from an on-board magnetic ‘compass 25,
such as the Model. 101 Magnetic Sensor of Digicourse, Inc. The:
| conpass heading in any one of the information registers can be
visually displayed on a suitable sensor display 26 such as a Model
102 Sensor Display of Digicourse, Inc or a similarly functioning

device.

The ‘information registers'of the interrogator 23'transfer
the compass headings to an external header unit in a field recorder
27, such as a DFS v Digital Field Recorder of Texas Instruments,
Inc. or other comparable seismic recording system. Also applied to
such external header unit is the heading of the vessel with respect

to true north from an on- board gyrocompass 28 and the absolute
coordinates of the vessel in a geodetically fixed coordinate system

' from an on-board navigation system 29. The field recorder 27

_ therefore contains all the information required to compute the
absolute positions of the vessel and cable and the position of the

. cable relative to the vessel. The compass headings and absolute
coordinates of the vessel are outputted from the field recorder 20
to a digital computer 30 which may be'dedicated to cable location/



-9- control or a general .purpoese device used in connection with other {9
exploratlon activities. A recorder/printer 32 having a keyboard, such as
Texas Instrunments, Inc.. Silent 730 KSR, is provi ded for operator entry of a
sel ect'ed headi ng to- the conputer 30. The conputer 30 uses the aforesaid
Sevected headi ng to determi ne the coordinates of the lateral positioning
ices in a two dinension, cartesian (X and Y) coordi nate system centered
on the vessel and oriented with respect rdthe sel ect ed heading. The X and
Y coordinates together with the absol ute. coordinates of the vessel and the
-various conpass headings are outputted to a suitable device such as a
. magnetic tape unit 24 for recording and |ater use. A sinple plot of the X
and Y coor di nacedrel arhe generRlapurrore dexies aseddsi eanpRehigndelincethers

% ovi ded ?n aBS*plhe@dienvactgeititéﬁspIAayec&uemrsmb mnavofgtbaé@baﬁﬂ tube 31..
e conputer ovi des e hear a r

‘posi ti gﬁl ng det fo\r[?’ﬁ? %sst[.’)‘éﬁn Fe %‘ﬁgﬂ{ ?ﬁgelgg e‘% ég"‘ﬁ@é@ ‘% on the
keyboard recoroperaper entry 6P.a wamteumeadim te thedzorguter 30eadheg of the
~vessel is sel eea@qﬁéysbgeegpa{ea PiresBfyy 818100 TRBBHRE et SMIAG, Eheso! ST C

cable along a t ntered 1 nt hr ou t he keyboard

A
.32, the conpasSoREXategof bhe laterd; E‘P%ﬁil?r&"ﬁeqwé‘é%s Wi twe ‘{}@H‘?ﬁi&N Y.
reci procal to ¢dntesmvu(xenoaw)eccmim&ee¢m centbﬁedibﬁrﬂmceéﬂsei aid each

| ateral posit ck- jl e on the |
di spl ay 5n|S|t '@fleggefr@éw r;ﬁ%i: %Eg%ei é%ﬁf@'t eFa 0Sl t I oni_ ng devi ce
14 are ‘ent er edcqnrdinates| ogetan v hoe @P@h&tércqoﬁﬁ%ﬁstﬁptm%m#ér amt i nt er
32 for inputtitie varidle conpass aeadifgs aEIeeonﬁeﬁdeEto W siiftaple WeRite dudd

eppropr i atel y ROATRREIT SRS AL TN AeSHIOLE FOU Rt BBy f oiRe
c;)rrput er 30 ggplptsqf tae%amamsmmmsnee:wemparrsnmm transm zﬁleon
of “Whi ch 1< deﬁﬁtﬁﬂﬁf“ua@ﬁﬁ%%ﬁdgf&ﬁ &sufia m@uﬁ;ﬁsﬁfﬂh %V*ﬁe
programed to @g"p%?u? o1y E?Ir;?yt AHER PERV
aut omati cal | y bearing and range of each lateral pos:.tioning device 14 with respect
to the ship and selected heading, on the keyboard recorder/printer
"~ 33. When the "course made good" heading of the vessel is selected
by the operator, as is suggested when towing a seismic cable along a
track, and entered into the computer 30 through the keyboard 32, the
compass bearings to the positioning device’s will be generally
reciprocal to the "course made good" heeding' ‘The displacement of
each lateral positioning device 14 from the selected track is
- visible on the display unit 31.
- Control conmands for a selected lateral positioning device
14 are entered by a cable positioning operator through the
_ recorder/printer 32 for inputting to the conputer 30. . The computer
30 is programmed to respond to the operator enetered control command
to generai;e_en appropriately coded digital command word which is |
~ outputted from the computer 30 to a suitable transmission means 34
- for subsequent transmission along wires 35in the cable 11 to the
lateral positioning devices 14, one of which is depicted '
' functionally. Alternatively, the ccnputer can be programmed to
respond directly to the coordinate information to automatically
generate suitable lateral positioning device control signals




genérate sui table | ateral positioning device control si.gnals. -10- A
sm} l e receiver means 36 in each |ateral positioning device 14 detects

rgconstitutes the digital word and passes it to the decoder means 38
exani nes the coded control word to deternmine if it is directed to-

that device 14. If found to apply to that device 14, the decoder means 38 ~

" provides in response to the coded word aflCappropriate signal to actuator

means. 40 within the device 14 which in turn provides power to a notor 42 to
~adjust a plurality of vertical control surfaces 44 in the desired direction
and to the desired extent. Changes in the |location of the selected |ateral
posi tioni ng device 14avduibatiles pemiivém melves B6siekaoti [Latdraldpesdt dadedgt hr ough

b t |
coordihat es  YRYEEE 13 adelEs L ekl fliRaRC Bl MG AN RGThE:01: PO
made by the oper thedecodesupganshis waich geam ipes rhher casied ponk nedo wazd ctal | y by

the conputer fquefnindl ir B8S1d dPRickEd Xo mhddﬁtbcaa 14If H@Mﬁd\eogamyadd y
descri bed the invention . in &anunct i on W SC ematg f Figure

2, a nore det diBEFRYACE it W#ﬁé“eﬁﬁ%gét?mia?s P'Here\fﬁ?ﬁ?u ts of
Fi gure 2 will coded werdest apjregriatecsignabdio actuaton mekes l40ceithdn taad | at eral

posi 1 oni ng_ofadk e GANeAH uf Wil Bl doMeP RS 8oy ES B 8T ©

operations eac ero by a -
ground si gnal ﬁlﬂﬁﬂittMeUfbyémcﬁirﬁQPtM 5F¥fa§§$s% én d'—;S‘Er%ﬁslib’?% directde® peing
carried out, tdif EONRUICRSIRR eRTERUPEHnddte 1GTHPENTbcat PTbF thet Selected

|t err o0t r Sinenllbitisinl bl 14 46 Mol ISTRIREL I

" of tinme (100 rdisclasedotitougivsubsesuant)ireadings afhthe imageetiic comapses) 12Ahe
on- boar d rragneg,.hc SHRPREIDH 8P kW cRot@irialas, b!nti*égpoﬁgeeté Apatiew gositisguiring
60 mlliseconds to cco the co SS an erro or previously
specified). \RPEFeQ s"gﬁ@ﬂ?‘;]spﬂﬁ ﬁd"qgﬁewngﬁ%r@eﬁ? th 'gatlthﬁgator 23 are
conplete, it cnetprder/pris-ltgnaz oD aubemdtieaidyi by e:hermmpote&Zfofr Fénalngnet i c
conpass readi %%ié’{a%iﬁé‘%? SitiPLied f4.0m
_ Having generally described the invention in conjunction .
with the block schematic of Figure 2, a more detailed description of
the operation of the various units of Figure 2 will now be described
in conjunction with the location and lateral positioning of the _
cable 11 during a towing operation. _
_ ~ During seismic operations each seismic recording cycle is
initiated at time zero by a ground signal from the cycle timer 24,
1f seismic operations are not being carried out, the computer 30 can
supply the ground signal to the interrogator 23. This signal is
utilized by the interrogator 23 to s'uccess'ively address each binary
control unit 128 for an appropriate length of time (100 milliseconds
for the Digicourse unit in this example) The on-board magnetic
compass 25 is also read by the interrogator 23 (requiring 60
milliseconds to accomplish with the compass and interrogator
| previously sp_ecified) When the sensor polling operations of the
interrogator 23 are complete__, it outputs a signal to the transmitter
means 32. _The_- magnetic compass' readings are then outputted from |
information registers (not depicte_d')" of the interrogator 23 to the
external header-Unit of the field ,r_ecorder _27'_. Also passed to the

5
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informati on regi sters (not depicted) of .the interrogator 23 to the exterpa
header unit of the- field recorder -27. Al so passed to the field recorder
27 are the true north headi ng of the ship fromthe gyroconpass 28 and the
absol ute coordinates of the vessel fromthe on-board navigation system 29.
The conpass readi ngs and on-board navi gati on system coordi nat es ar e t hen
r\eerﬂ out of the field recorder 27 and into the conputer 30. The "course
made good" heading to be foll owed by.the wdssel during towing is i nput t ed
into the conputer 30 by the cable control operator through the keyboard in
the recorder/printer 32. The computer 30 has previously been supplied with
i nformation regarding the spacing of each of the magnetic compasses 12A and
| at eral positi ofiehd meorders27 4relthegtiuecnaxibl keading Pifctheosiin roméhe hen

~determines the q&rae&pxsg%r&hdﬁe&ﬁ%beéma%draiﬂtaé d?Oéhé ‘v@QéélgffBinﬁ@ 14 in

a cartesian systemcentered on the vessel_wth the +X II'ECtJngn bei ng

defined as headiNrgoaRd nevigation, system 3. TnesEPmPgss readings an %H%F%sal d
sel ected courmv&wﬁogmteﬁeadl'digaﬁaiatéleheﬁ(ﬁadQﬁitlmtheafd.e]:tg off the

starboard of t e 9 I En v The
~bearing and ra%xg'f& 27%;1‘: ﬁ‘gf’aﬁ’e Q@qﬁgﬁ 3@@ g%\gn chag% mQ(?% rgés;pect to the
shi p and .t he "dJd®adtw tade Q@Hawem@adﬁhﬂgvmld@!ﬁmhwﬂWmistmuttﬁﬁpmm 30 .
Dt o b - el Baplgeio sl B¢ BaSLe %3"%‘?%‘?“:*“” & oﬁ“{"ﬁ“ﬂ%“ﬁgﬁf"f{ at
bt meen the | atlsy VS SRCIBRThei g7 cShe SompieTodb ras Prewiubly tesme. a

curve which carsu.bpliqdpwibh inflortatipnoregandingotiee spacimgaof aacts of iren t angents

o 10 POInts ShagAgtiEacdpiliedith B8 ﬂtéé%@ﬁ@#ﬂhﬁﬁ@edéﬂﬁeg‘iianag%ﬁ " dnOwn,

the | ocation of ny poin the arc ween any

the arc can be qfblerldi netne comuger SRdihes detepmingstthe XAndnY opesdimatesd each
| ateral positi @t ea:rdﬁatezaimbﬂ:rdﬁg Pevideeds inlBesdtesiindsy sten denesrdee

Good" headi ng. 40 £ VeSEl. 1 th PO aftebtioh bEREAtubea el redtfhl B £ BEC
al so yield a sisigre ofcthe vessedi atalBAg tohthelatoreseid @Elt!mdt'&ﬂnrmsladﬁ any
chord fromthe. Qbﬁaﬁﬁﬂeaéﬂﬁ ARe theary BﬁreEf:ioﬁ'PﬁEadiﬁerﬁ?UﬁhéMsE&HoSf@%‘?ttﬁé) the :
selected - “vessel at 90° to the "course made good® heading. The besring and

range of each lateral positioning device 14 with respect to the ship

and the "course made good" hea'dir‘g -are determined by the computer 30

- and outputted to the recorder/pi*in_ter 32 for display.. '

' ~ Determinations of the location of the lateral positioning

'_ devices are based upon the theory that between the lateral
positioning devices 14, the cable 11 will assume a curve which can .

. be approximated by one or more circular arcs. When tangents to two
points along each arg and the distance between the points are known,
the location of any point along the arc and chords between any
points of the arc can be detemined._ ‘Thus, chords between the
towing vessel and each lateral positioning device can be
determined. These chords can then be stacked to depict the cable's
‘position with respect to the "course made good" heading as the cable
is towed through the water. Soch stacking will also yield a single
vector indicating the distance of the- teminus of any chord from the

~ vessel and the bearing of such terminus with respect to the selected'
"course made good" heading.




course hade good" -headi ng. -12- Referri ng nore particylarly to Figure 3
_ is illustrated an exanple configuration for a seismc cable 11 bei ng
9

d by a vessel [err] and nounting three |ateral p03|t|on|ng devi ces 3
and six maghetic conpasses [err] [err]. A conpass pair (j=1,2) is-

p i ded al ong the cable before each | ateral positioning device ([err],

1=1-3). It should be realized that the.qgnflguratlon of the cable deplcted\u/'
in Figure 3 is exaggerated for purposes of illustration although such a
confi~gurati on m ght be achieved during a turning maneuver of the tow ng
vessel . At |east tmo cable tangent headi ngs along a length of cable are

required to esti mat 8%&% ﬁai‘tiéﬂar%@acto ﬁgﬂfgdf%%fé)& I f desired,

nore than two cabl e Sensors can between 't he vessel and

“the | eading Ilél@téﬁt%énthém%c@ﬂﬁ-%@té?“ é’F\A%éﬁiﬂthcoFﬁm?g Hopivgks, and
circular arcgomsd byed @dsdelr Pgaab modht thes tigigenlatieehlaeisivnlingidj oi ni ng

ol i =i ong EREGEE R ot Far bl aBE BEbEsRCanc TR Tateral
posi ti oni ng delxe lbrcomasmmiraﬂjd,m ri¢ pravided. qéoao therdabde defpres, it is
T e TS%%‘?%EH%%%%M?@ (el GoThRISN! & haRPBePl! [ 1],

posi ti oni ng Jeddize ug"e gonf &9‘@‘1‘?&@% %Fgl?]:?ngip%itﬁﬁd'“t FrEOUTS nt ésof the
first magnet eﬂaggewa%féﬁmutpdseemft Ii!aluetsslalonlﬂtheugrqlsad:h o t he di st ance

bet ween t he deV|ce P1.
In this way, ES:;@% r#igﬁahgépg& g‘?ﬁek’%‘gf’%@ﬁ ﬁ{rﬁiﬁé}gﬁf?e” ?‘n as chord
[err] bet wekpwingevesssiel Atcleast siwg F%lilér%ﬁngsﬁ'%lr\eﬁ‘é#ﬂgﬁ engitt 1) will
be parallel ge ddasecdrerfbdeféd ‘thesstenite becicremaﬁ@ fb?fﬁﬂataéabléef r] in

exari o oachSHBot (i WTHtbe REE S ayojBns JReHid, SRR 0 P om  he
proxi mal | at pmidpdsheltwenn tibe ceessele afck ithg lnad{.mg dpteralaposivianiegquart er of
the arc |enghyby{ca'é d’} é@ﬁe&%iﬁi}\gogﬂitcbgmdﬁg SeRlEs E'Eésf kstfithtddropt her
pertlnent terns an atlon | pS O are .
. each cable segment between such a goining sensors. Moreover,
-although it is possible to locate the compasses at any'point along
- the length of arc between the boat and the first lateral positioning
device or between adJoining lateral positioning devices, it is
suggested for simplification that each compass of a compass pair
' cij' j=1-2, be located an equal distance from the boat or nearest
lateral positioning device. Thus, in Figure 3 the distance along
the cable of the first magnetic compass Cll from the vessel 10 is
equal to the distance between the second compass Clz and the first
lateral positioning device Pl‘ In this way, each chord between
the points P 1 and Pi (such as chord D1 between the vessel
0 and lateral positioning device Pl) will be parallel to the
chord di between the compasses cil and C12 in that segment of
- cable (i.e., chord dl between C,, and 012) For example, each
magnetic ‘compass CiJ may be 1ocated a distance from the proximal
lateral positioning device Pi or Pi 1 equal to one quarter of
the arc length S1 between each positioning device Pi and ) .
Pi 1 The other pertinent terms and relationships of Figure 3 are
defined as follows~ ' '



defbned as fol | ows: -13- [err] - "course made good" headi ng of

vessel [err] mnth respect to nagnetlc north, [err] = cabl e headi ngs
with respect: to nagnetlc north for each conpass [err] [err] = - chor
subt ending the arc of curvature of the cable between adjacent conpass palrs
ngr] and [err](e.g., -i.e. [err] ‘between [err] and [err] [err] =

: rd subtendi ng the arc of curvature of the cable between the vessel
and/ or .the adjacent |ateral positioning devices [err] and [err] |ocated at
the ends of each arc i, i=1,3 (i.e. [erdp~ = cabl e l ength between
adj acent conpass pairs [err] and [err] in each arc i, i=1-3, (i.e. [err] -
[err], [err] = - cabl e Iength betmeen points [err] and [err] (vessel
Po and devices [err] and [err] (i.e. [err] - rr [err] = -angl e

between the parallel ctyprds [evcrqaraenaapergopdarma @ﬁﬁ@én!eslsf—‘hépof or the
cabl e heading [err] (i.e. [e”hth' resdeé’érﬂo)mig?fetic north, angl e between a

line pointing in the direction th ess ood" adi n
[err] IOand thg chords [®gyT andcﬁ%é'F lTee(:I E‘g? [r]espec% tsc[ &‘FQ'B%-% H,e °
[err] defined in the above nueadr ctpas # directed |ine segnent W|th
vector conponents [erré and [eéﬂc]rd {.@#‘é &r@%‘?hcl.&‘@ lNGf @ppai r [err]

and the distance [err] 3an(':l bearing Jerr e vessel [err] to each
lateral positioning device [er?ﬂblpsb%eﬂblal"d%@"(:é‘s@ﬁﬁﬁl@ 841 $Pdci ng of

conpass pairs [err] and [err] cii ta1gj Dieli ag teewégnschelarﬂ cﬁm;j [err],
respectively): [err] [8”] Lerg ord subtending the arc of curvature of the
cable between the vessel and/or the adjacent -
lateral positioning devices (P;_; and P,)
locsted at the ends af‘ each arc'i, i=1,3 (i.e.
0, - D5, |
S§ = cable length between adjacent compass pairs Cn
and Csp in each arc i, i=1-3, (i.e. sl
s
= -cable length between points Pi 1 and Pi
(vessel Po and devices Pys Py, and P3),
. (i.e. S; ~S5),
a = angle between the parallel chords di and D:1
-and the tangent lire for the cable heading 4y
. (i.e. 8y = a3)
bi =  angle between a line po:.nting in the direction of
' the vessel' "course made good" heading CD and
the chords di and D; (i.e. b3)
' Each chord Dy defined in the above manner becomes a
directed lire segment with vector components xi and Y.
. Computation of each coordinate pair xi’ Yi and the distance Ri
-and bearing 8; from the vessel (Py). to each lateral positioning
device P; is as follows (assuming equal spacing of compass pairs
Cil and C:12 from adjoining points P, ; and Py, respectively):

° - |
bi =__ai +Cq - cu |
dj. = (180'51/71"&1 'Sinai
D

= (léo‘si/qr ‘ai)‘sin('a'i'_ "Sy/ 8¢)



r]- ~14- [err] [err] [err] Exam nation-of the signs of the [err] and
| give the bearing [err] with respect to-the. sel ect ed (course made
heading [err] as shown in a truth table depicted in F|gure 4. A g
al plot of locations with respect to the course nade good headi ng of
vessel for the three lateral positioning devices of Figure 1 is S
illustrated in Figure 5. Such plot is based on a natrix of display cells NS
wherein the entire cell in which a determined X - Y coordinate falls is .
brlghfened on the face of the cathode raymtube di splay 21. This four p0|nt
pl ot*.of X - Y coordinates is updated prior to-each f|r|ng cycle :
(apprOX|nater every 12 seconds) or, if seismc data is not being gathered,
as often as is initiated by t he conputer 30. If desired, greater positional
definition of the calj=;cieoshg ,plrovlﬁire]dsb';bicorrputl ng and di splaying the X -

Y coordi nates of ot her ’b{l—m le such as the locations of the’
cabl e nounted magnet Rg 23}@) 12Atil dition to the |ocation of the
mari ne vessel and thg _@bﬂral ({ &/ deV| ces, the locations of various
obstacles that: lie olfiT p'ét \ge or its cable, such as other
vessels, drilling towers, etc. rray al so be di splayed with their X - Y :
coordinates. It is envisi oned that the range and heagl ng of the obstacle

i s determned by sui Esgnieatiamef $hersigostafethess¥| andfggagive sonar. The

cabl etconggoltreoaéatiﬂgf NWEE rbépee S kb@dbaﬁéesa?éu?ﬁgesome gcaaelgwa{ nt 03t2he |
conput er ans o e e rec e rinter
Suitable pro Soﬁf ISH%" gﬁ;ﬁn"é‘ﬂ%} g%a it%e?hté' #HUJF ion entry, and

generates a signal réptypieal pigt wfelocationscwithirespest i thecoubse aste which

d d h
i cat ed b'y”?“[?""e* FiR retnd s P‘i}a§“e‘*"59‘ T *"ﬁﬁtﬁ% e on
can be peri od¥cERgYrechis EMWWQ %‘bg g%y 5 thrsgﬁ ased ona

matrix of display cells wherein the entire cell in which a
determined X - Y coordinate falls is brightened on the face of the
cathode ray tube display 21. This four point plot of X - ¥
coordinates is updated prior to each firing cycle (approximately
every 12 seconds) or, if seismic data is not being gathersd, as
often as is initiated by the comuter 30. If desired, greater
positional definition of the cable can be provided by computing and
displaying the X - Y _coordihates of other points along the cable
such as the locations of the cable mounted magnetic compasses 12A.
~ In addition to the location of the marine vessel and the
lateral husitioning devicee, the locations of various obstacles that
‘1lie of the path of the vessel or its cable, such as other vessels,
drilling towers, etc:, may also be displayed with their X - Y
coordinates. It'is-enyis:l_ohed'- that the range and heading of the
obstacle is determined by suitable means such as the vessel's radar
‘or sonar. . The cable control operator enters the obstacle's range
and hesding into the computer 30 by means of the input keyboard af
" the recorder/printer 32. Suiteble 'prog'ramning in the coabuter
responds to the information entry, and generates a signal
'representing the X - Y coordinates of the obstacle which is entered
in the matrix of the display. A cerresponding cell, such as that
indicated by the * is {1luninated. Updated range and heading
information can be periodically entered by the operator through the
recorder/printer 32. Updated X - Y coordinates of the obstacle are
generated by the computer which enters the coordinates into the
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recorder/ printer 32. Updated X.- Y :-coordinates of the obstacle are ' :
generated by the.conputer which enters the coordinates into the mat '
of the cathode-ray tube device 21. It is envisioned that suitable rad '

and/ or “'sonar equi pnment nay be provided for automatic periodic entry of the
'OQ%L.acI e range and bearing information into the conputer 30 for display -
update. The cable control operator selectively controls one or nore |ateral
posi tioning devices 14 to bring the cable ™t line. along the sel ected
track or to otherwi se steer the cable in a desired manner by entering a

| at eral positioning device command into the conputer 30 by a suitable
conputer interface neans such as the keyboard of the printer/recorder 32.

‘The operat or confaliFdxiqfekbe cathodentay, sl davige Pt efhiispevisionednthatevi ce
t]9 _bte c0'|nt r o:.! te'd'sui?'.adlé {i‘_ﬁdiﬁ aAd/tor osbramfleqmgﬁérttuday oé ;irbembas-rmedumlewnt
of its plurali of ical u rface e, .a
Commnd Prr010" PRgHEE BEER. of Y Misiacts 8 Bho BARRAG TntorRiuighlite
("010") in a pl ubhg temputer 3cfomaispliaycipdiate. or count ercl ockwi se, however
esponse 10 (he oper ai of e abLe EoaAdLobLEaERY Isgfcti Vol oauadll oog SrRele "
word identifyi ngi)g- a @égﬁjgg?%gﬂirc@ﬁi%%a&ﬁi% tg'ﬁdcﬁlﬁé ﬁ'@@e r§+ong
actuation of notthe selscsted itratle orcte otherwiat estaer [theidabdeiimga diesived t o
acconplish the comuandedeadiys rﬁeg%ﬁeggb%o%#ﬁn% :ﬁfggic?eoﬂﬁrﬁd"a_ﬂﬁdiﬁtﬂ {Hge coded

digital werd regarding notor actu vary endi ng ‘upon the net hod
and appar at us secFePuERr PBrby,desyitablee compuben  inexfiace JipaRg iaseshe o

ICO'?t ro_: ,' t'h_eit_r ORSYbokidBF ﬁgrpmgﬂ*d&coidé}rtm' prissf eﬁéﬁctoerdmdérmtent of a t
ateral positiong Vi C | ein, [ urre St epper notor
I's provided in eﬁ%%tsgjteér §§giﬁ'§§ﬁ Egifed:g@ipcogi?joqniﬁg%y%?eat%‘o_ of a pair
of vertical finscontrokied, FAnguthes d2rectiom@nd)magnitusiecofintbe alesited poyament ded
with tables conv tiitE_gnl\wgﬁlllgweéf %giical,r @ éﬂﬂl%%ogﬁf‘oqpﬁﬁrf@feéélr PO ses. .

The coded digital wor therefore contain the direction of curren :
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counterclockwise, however defined) in the first lateral positioning
device ("P1") along the cable. In response .to the operator_command
the computer 30 generates a coded digital word identifying the =

‘selected positioning device and the necessary actuation of motor
means in the selected latera; positioning device to accomplish the

- commanded adjustment. The information contained in the coded
digital word regarding motor actuation will vary depending upon the
method and apparatus selected for use in the lateral positioning
devices to control, their operation. For example, in the preferred
embodiment of a lateral positioning device.described herein, a
direct current stepper motor is provided in each lateral positioning
device for the rotation of a peir of vertical fins 44 (see Figures
2, 6 and 7). The cdmpufer 30 is provided with tables converting.

- degrees of fin rotation to stepper motor pulsés._ The coded digital
ward would therefore contain the direction of current supplied to
the motor (so as to control its direction of rotation) and the
-numbers of pulses reqﬂiied_gg;gpcomplish the operator selected
rotation. ' : - o



rot at i\on. It is further preferred that conputer 30 be capabl e of

ing, in response to an operator conmand, a uni que digital wor d
di ng a selected | ateral positioning,devibe to return its adjustable
surfaces to a neutral -position. Again, in the enbodi nent of the-
© system bei ng described, each |ateral positioning device is provided with
rotatable, vertically oriented control surfaces or fins 44 (see Figures 6
and 7). The neutral position of -the fins 82 is an essentlally zero angle
- of at'tack with respect to the central |ongitudinal axis of the |ateral

T

positioning device running essentially parallel to the central Idngitudinaf :

axis of the cable 12. It .is envisioned, for exanple, that the conputer

gener ated digital contitofs \fyreheserrrferremk dhat Fﬁ'“@tSthc RatcapABie-f es eit her

return of the é,ggrat ,hen respdrdle o aht dpeator sommne] e untqecdigiesl

caded 1 gital 18 : 'f@f%sﬁ%?“%%%%i R e e L

to the transn sdjustabieasontan)l surfacesatied oeutpelmasitiay cRaalni dasthe buffer

34A, a signal QRGRifeR of Hhedfystan bﬂlﬁb'd‘éséfib%ﬂc eaEHel:kHHFbaé’ﬂﬁoﬁ ai ns

regi sters or other s I tabl e storln |n equenc de
digital comran&e\’/&ﬁed mﬂ@ggﬂa@ F’%ét i ’51 Bﬁ%ffcf’? t he
i nt errogat or 23utfades airefinghea Gsaee?ilgﬂgﬁﬁ |60ancbf7)1 héhua:leubmi posiitdesaf i s

conpl eted so t hoy f&r\srm;%ogss%hga ARl P et MO0 60 bRk A 2

posi t I oni ng deviceS Tan commen magnet i c

sensors 12 andthetosetral: kengitudisal sl%ﬁ &heylageral pesditdening dedse 14 nust
be transmtted rﬁﬁﬁiaggéksbhﬁaa@y Pars11eAbte the @htﬁapabﬁgietuﬂiﬁaswsdodmng

other signal | RERYH Sfundb 1o Bpfietbal; iR sHpIE; silo VR luER 2 11 6 P
i nt errogat or Zaememtedudig.’g:alhmrd:mdl oford e Dmided;mitbra pbt Ithaty ingécateson,
Ceprsterd or RV 6t S il el 28 e Sl
converts the dFB?CEéF-e@GHg?@P sﬂqqigi %’?liﬂ%gflﬁ'ﬁﬁ Eeﬁbassed
t hr ough arrpl | f bits lnil!amrd340hertfbdedtdigital word 1s passed through an uutput
channel of the computer 30 to the- transmissmn means 34. The '
‘transmission means 34 comprises a buffer 34A, a signal generator 348
- and an amplifier 34C. The buffer 34A contains registers or other
" suitable means for storing in sequence each coded digital command
word outputted by the computer 30. A signal from the interrogator
23 indicates when interrogation of the various compasses is |
completed so that transmission of the ‘coded digital words to the
lateral pasitioning devices can commence. Signals between the
vessel and magnetic sensors 12 and between the vessel and lateral
positioning devices 14 must be transmitted through the seismic cable
12 at separate’ times and during breaks between the seismic data
recording cycles to prevent crosstalk and other signal:
interference. - Upon receiving the appropriate signal from the
interrogator 23 indicating the end of the cable sensor polling
operation, circuitry in the buffer 34A passes the digital control
words from the registers of the buff‘er 364 in sequence to the s:.gnal
generator 348 which converts the dig:.tal t_:ontrol_words into an
encoded signal which is passed through amplifier means 34C and onto .
wires 35 passing through the length of the cable 11,



wi res 35 passing through the length of the cable 11. -17- The control(iEEEB{
components of each lateral positioening device 14 are depicted
hepresentatlvely, i'n block diagramform in Figure 2 and consist of
recei ver neans 36, decoder means 38, actuator nmeans 40, notor neans 42 such
qbr? reversi bl'e direct current stepper notor, and adjustable control

aces 44. Each receiver neans 36 in each lateral positioning device 14
senses the digital control. words being tran§u1tted t hrough the-wires 35 by
means of an induction coil 36A or other simlar device. Suitable circuitry
368 within the receiver neans 36 anplifies the detected signal,
reconstructs the original dlgltal control word and passes it to a suitable

ool Ter o thot “tepi o ed] e bl véi’ﬁébﬁt??hgwgﬁe%%aé&%?% i Bhtes
t hat addi ti onal i gre sepictad reepregangat iyelvcdedblockmiegram ot éafigeres2or ed
for sequential piecassis of heeties heénscga,t debodeR' fkang mea:fﬁﬁt&t MeadBA i s

db 388 t f
Cha word 14 i rAChostos teaans 4 e e 4 Treisiale BOSer StRgt 6 T 1T (e
word is direct edncltor.t land addustable lventialc sutfage8 8. wiEsbh rrece:weatetmdler% _
determnes if thg ge&aiq: §tio%iH§ R0ideP 15 "enB&d kh@! a8 0! b@-ﬁtr\%lch e

some ot her rotatlon s desire ener at es aprférlate Si
carried to the OFU%EiNgEaARSAEE eq ANFWER Jhecwizgst Fr: by cte3as (9TydRer at ed
-signals, the actimductiontemil €A oumheesimiﬂrareoeVice. t Beimme airtaitey 368

direction and f 2 cconpl i sh
t he conmanded C&ﬁ;bﬂftg&%g%@%dﬁéaﬁ? FH]E' g% era pe;émﬁﬁa% ng device .
14 is al so pr ovummsbmet%tbomigmmioiw QQMSW@ﬂya%DHSS%t tetpes for
operation of thegdpile SEEge ﬁeatﬁs‘@uéﬁ i8I a GegfitierCTHA §REPRNGito8er MeaRarbl €

rechan cal || kS 4 o R St D s IR TR o
Figures 6 and 7 saitatdefcimcuitaydsa that taddbeibndl atjgivaintont rel dergs cdetéotedl ew, -
respectively, Offram'%eéﬁlepc%' bé QbR P6YsGuektial processing.
- The digital control word in the register 38A is. examined by
appropriate circuitry 388 of the decoder means to determine if the
- word is directed to that particular lateral positioning device. If
- the word is_direoted_to.that devioe:the circuitry 38B within the
.decoder determines if the fins are to be returned to the neutral
position or if some other rotation is desired, and generates
appropriate signals which are carried to the‘ectuator means 40. In
response to the decoder generated signals, the actuator means 40
supplies\ourrent in the appfop:iate direction and for the necessary
time to the motor means 42 to accomplish the commanded control
- surface adjustment. Each lateral positioning device 14 is also
provided with a power supply 46 such as dry cell batteries for
operation of the motor means 42 and other electrical components.
. Suitable mechanical linkages 43 transfer kinetic energy from the
motor means 42 to the control surfaces 44 for adjustment as
. commanded by the operator.
| Figures 6 and 7 are a front and a sectioned diagrammatic
side profile view, respectively, of a lateral positioning device 14
.for use with the invention. . Split collars 50 are fixedly attached
to the seismic cable 11 where it is desired to mount the lateral




L 7S 'th the inventi on. Split collars 50 are fixedly attached to the
5y c(hlpble 11 where it |s desired to nount the lateral . positioning
24/ Each collar contains a channel which accepts ‘a cobncentrjc ring
5>~ Each ring 52 is split for nmounting around the collar and.is | ocked by
appraopriate neans after nounting. Once |ocked, each ring is free to rotate™

within the channel of its collar 50. I\/bum.l ng bracket means 54 and 56 ar_e\/

fixedly secured by suitable means to each ring 52. Each nounting bracket
nmeans 54 and 56 accepts a first tube 58 and second tube 60. The nount i ng
bracket nmeans 54 and 56 secure each tube 58 and 60 along a diametric axis
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the tubes 58 and mai ntai n teral positiom ng device 14 in the
proper’ verti cafecoreE MeaRssoACTYSLoF JEAPS @Nd NIRSPE Mefnse o fie Becenth tyee ﬁpow ded
to assist in nednthinganglurbitdyabe dry m.il batterius Weichcperdidde rpowse verti cal

orientation. a connected
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to allow the passage of the cable 11. Fixedly attached to each .

" shaft 66 is a vertically oriented control_sbrfade or fin 44. As
only vertically oriénted fins 44 are provided, the device 14 can
only be used for controlling the:locatidn of the cable 11 in the
horizontal plane. Each ring 52 allows a free rotation of each
bracket means 54 and 56 with mounted tubes 58 and 60 and yoke 64 as
the cable 11 twists. The weight of the tubes 58 and 60 will
maintain the lateral positioning devite 14 in the proper vertical
Orientation.“ If desired, buoyancy means 72 can be provided to
assist in maintainfng the latersl positioning device 14 in the
vertical orientation and also to provide neutral buoyancy.

The yoke 64 and conrected fins 44 are rotated by motor

means within the tube 58. A first beveled gear 72 is attached to a
shaft 73 from a reversible direct current stepper_motor_within the
first tube 58. A suitable bearing and sealing member (not depicted)
is provided in the end of the tube 58 for passage and rotation of
the shaft 73 while preventing the entry of water. A second beveled
gear 74 is fixedly secured to a shaft 66 of the yoke 64. As can be
seen, operation of the motor will cause the gears 72 and 74 to



‘ L _
gear 74 is fixedly secured to a shaft 66 of the yoke 64. As can be seen, ‘
operation of the motor will cause:the gears 72 and 74 to -19- rotate o

“&l ong with the yoke 64 to which the gear 74 is fixedly secured. The
nDuntlng bracket nmeans 54 are also provided with suitable bearing nenbers

8 for rotatable nounting of the yoke 64. If desired, a streamined fairing
éb'fdeplcted in phantom) made of fiberglass or other.suitable material, can
be provided to further streamine.the Iate*hi-p05|t|on|ng device 14. It is
envi si oned that the fairing 80 can be provided in two halves 82 and 84
which are fixedly secured to one another and aroeund the cable 11 by
sui tabl e neans such as screws 86. The tubes 58 and 60 provide protection
for their contairedte alpapaitts the yokelsa uamﬁelssmeygda@ Bedk ﬁbtediyal ring 80,

if provided. Ind nRan B rg st tube
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t he ni croswi tcheféxg%v S%Eeﬁn@ o0R aaﬂtﬂ%Feﬂ‘q 61‘?‘{“5’ ﬁ%ﬁ?ﬂﬂg%ﬁ@ﬂ@-’&& ¥hd cam
surfaces 92a, 9Zkeap8®buBRCasOBciewe 8QVEThes Bitids 66 a8 400 provilde &fb’ced:ﬁmhsfor

W ini Cs cont rol TREF aRbElRy FABkntR B 16119 et tariyite Bral enf SRR L1
m croswi tch 90a 80 &f psevided. t ﬁmmemeaasééezﬁiam gér@ealmtad dingthe
which is carri edl’i'i@ﬁ keub@ 38)8ndiGkHSE the rH?éS&ed‘lQunt%lt%i gnalttarfiitedr Ot at ed
~in response to a coded conman r ockw se or
count er cl ockwi seA9Ng é%?lﬂ#?rﬁt&‘ntﬁ"?'ﬁi BRiMeRR% 2fas viewed in Fi gure
8), the cam surface 92aMednsi &xes aksd peoviidee florcgeesating &iynabs to
90c, " respecti vel ynoldys6h thy Ldritx6] SOrflicds’ & 37 £Meutral orientation
' - essentially parallel to the central longitudinal axis of the lateral
positioning device 14 whereby lateral thrust is not generated. For
~ example, three waterproofed microswitches 90a, 90b and S0c are
- fixedly secured to the mounting means 54 and are activated by cam
surfaces 92 on the lower shaft 66 of the yoke 64. Figure 8 depicts
diagrammatically and in enlarged scale, the microswitches 90a, 90b
and 90c affixed to the mounting means 54 and cam surfaces 92a, 92b
and 92c on the lower shaft 66 of the yoke 64. It is envisioned that
. esch lateral positioning device-14 is originally deployed with its
control surfaces 44 in the neutral position. In that position, the
‘microswitch 90a is closed by the cam surface 92a and generates a
signal which is carried back to the actuator means 40. As the shaft .
- 66 is rotated in response to a coded command word, in either the
clockwise or counterclockwise direction from the neutral position
(as viewed in Figtjre 8), the cam surface 92a strikes:either the
microswitch 90b or 9Dc, ‘respectively, which switch also generates an
sppropriate signal carried back to the actuator means 40. The
signal from the microswitch 90b or 90c indicates the state of
" rotation (clockwise or counterclockwise) of the shaft 66 from the



ofjriate signal carried back to the actuator neans 40. The signal from

the Jnilcroswi tch 90b or 90c indicates the state of rotation (clockmnse or

er cl ockwi se) of the shaft 66 fromthe @ -20- neutral orientation and &
usgd to set a switch, register or other conparable device within the-
actuator nmeans 40 so.as to indicate that state of rotation. Wen the e
- operator commands the return of the adjustable control surfaces 44 to the o
neutral position, the decoder means gene2®t es an appropriate signal which

is passed to the actuator neans 40. In response to the aforesaid decoder
signal, circuitry within the -actuator 'nmeans 40 exam nes the state of

rotation of the shaft and provides electric current in-the appropriate’

di rtect : on tOtrTehﬁrﬂf Gﬁiéﬁtah ﬂiﬂnOﬁnd“rlsttﬁseHOE@@ettdlewﬂiMf,tr@?smcbrtdthéhte " o0h
neutra osl tlon 1 N S m,c WITC
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act uat or n al so responds to the si ener W tch 90.a
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el ectric powesctugtdrhmeanst 40. 1a.reGhoree mm\ewﬁo&emd%&oaéﬂ sigralgr e provi ded

as rotation T. e switch 90b
or 90c, resp?c |vﬁr¥ m\/\ﬁ% %Eeﬁﬁg@?ﬁa%ﬁ%t@t%l&on ot f%e“sgéef %’PGG S -
reached. Apprigatianeotithe shefy and pravides edeafiriawuszento indheonds to t he
signal f rom tdPPréfaabs Yidectibh Wb 9P sBepdiRCmétidd 42 tbhﬁatatattoeoéhan’hess

Shait 66’ to- 2k YHERE PR PSRt ke deism, it ie Poac it sBS (o

mechani cal | mmleagmmsuiacmﬁmge:i 96c theeswiticheagadb| generatesex sigeal shithag

forces. O her e ghnd ns are -
di scl osed an descrle%eg |n ;&wgfﬂgﬁe\ggg%:% S. nge%ltasﬁ%%%ghgg h?V\éese) and
4,033, 278 (Wackuabor,peans 4Q y§ed ter miﬁh 9 fthe tafe of; ptatipn pfiihe 3 953, 827
(_Le Mbal et adh}afﬂﬁ.UCircWMitﬁiﬂ&helédtuator means 40 also responds to

the signal generated by the switch 90a when contacted by the cam

surface 922 and terminates the provision of electric power to the

-motor 42, ' - S :

Other cam surfaces 9_2: a_n_d 92 are provided as rotation
stops. The cam surface 92 or 92¢ will contact the switch 90b or

' 90c, respectively, when the limit of rotation of the shaft 66 is

- reached. - Appropriate circuitry in the actuator means 40 responds to
the signal from the afaresaid switch 90b or .90c and to the state of
the switches, registers or the like indicating the state of rotation
“of the shaft 66 to stop the suoply of current to the motor 42 before
it or the mechanical linkages are damaged or the cable subject to
excessive drag forces.

Other lateral positioning device embodiments aqd variations

are disclosed and described in the aforesaid U.S. Patents 3,605,674
(Weese) and 4,033,278 (Waters) which, together with the aforesaid
U.S. Patent 3,953,827 (Le Moal et al) and U.S. Patent 4,231,111
(Neeley). It will of course be appreciated by one in the art that

" suitable modifications such as the provision of decoder means must
be provided in each such lateral positioning device for it to
function with the described system embodiment. It will further be




(Neel ey): Lt'will of course be .appreciated by one in the art that suitabl
modifi cati ons such as the provi si om of decoder neans must be provided in
efch such l'ateral positioning device for it to function with the describ
system enbodinent. It will further be -21- appreciated that each device
e provided w th-adjustabl e horizontal control surfaces for depth
control and/or. with conpound novenent surfaces, as are disclosed in the
aforesaid U.S. Patent 4,033,278, which nay-8e control | ed thenselves in a
manner similar to that described above. It should also be realized that the
‘adj ustnents of said |ateral positioning devices to position the cable in a.
strai ght line along a heading fromthe towi ng vessel can be acconplished °
automatical | y bysppreciatatthatiesst device mayrbepealvidedwitieradjvstrabbels

modi fi cati ons ”%ﬁior%%ﬁ!ecéﬂféf‘%ufﬁc@goﬂﬂgdéﬂﬁﬁcédnlﬂ%hr oA RIS 9

met hod and system For, ex

n se C cofpasses in
the cabl e sensor®@vesent; aur ﬁ%%é@n&fﬁ@#%gﬂ&h‘*sﬁfﬁﬁ%dsﬂgv Batesficodi nlg

gyros or strain mms, Fehitharay beacbntrollet ehemse]l ves an i mEnmidsiilat 26
equi pment nay beyaEm &\ég egn#&@ vessel for indicating cable | ocation and
various types of "operator stations may be enployed for outputting and

i nputting control signalt sheuld ab$%bﬁemlh§dahmtt ke ladfestmentse of esaidot her
types of notors Ritétar paem@mr@ahedibagaﬁeﬁusmw%e rdmelqﬂ A @t&afgh!t Nisﬁfea'

ositionin deV| s fo usti nent, of t.he cont surfaces
R system fgr cort 89Iq '&H@ 'Ingf"e#'?lﬁ Hoe: Yesse Lfcag %W?ﬂgﬂ&ﬁ‘-ﬂ'\eg be| ng towed
by a vessel and Momatgcahiyubyamlseitabmy rsilzed;lanﬁanzegralinédmmtlzrsal d marine
cable at a plurality of gﬂgggabapﬁcrati&gs&'&e; B9 Shadb AP F&@q for

varying lateral -thrust to sal e.ln response oco alsfrom"
t he vessel , the 968pF gnigteral positoning method and system. For example, in

| lieu of the use of magnetic compasses in the cable sensors 12, there
may be employed other sensors such as encoding gyros or strain
gauges. Further, various types of recording and display equipment
may be employed on the vessel for indicating cable location and

- various types of operator stations may be employed for ohtputting
and'inputting control signals, obstacle heading and the like.
'Moreover, other types of motors and/or mechanical linkages may be
provided in the lateral positioning devices for adjustment of the
control surfaces.
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\Si ng: a motor associ at ed mnth each control surface for rotating L
' ntmm",jmnmallllr"m] a neutral position at which no lateral thrust is
a second peg2t+on at which a desired |ateral &
Is is Tnparted"to®said cable; (b) receiving means associated with each
control surface for decoding the control signal's fromsaid vessel and .
producing a first electric current of nagnitude and direction necessary to\“J
- cause sai d guNIMs: to rotate said control surface of said second posi tion;
(c) means assocrated with each control surface for automatically returning -

said control surface to said neutral position-after the desired |ateral
thrust has been infartRcysbensfod earbirel Lingsthel leteraloposititace, asai d means

conpri si ng:, )‘\ee%a%lgl fﬁbt% e‘afb)$ Veb&s Eh&%vgﬁb gpjgﬁagrle%r&%@tlon

(i1) ra can1 e C|rc ar orientati sw tches for
rotational sunapehnaffixed serraig marineeablet b a plugaldhulofsResAdraPeFt sai d

cam sequentialshy, ﬁé?fau rgg isR¥d Table SMrt 0£ﬁﬁnbolétre‘i!l B8t Ad e8ididaBle si gnal
repr esent atl ve O |

t { at f th
cont r ol sur#"hé’BSF’% F‘P Iqroﬁc]l:@gggg’? n%%?ﬂ/&ﬁ?l‘f?&sgia’l g”%ﬁ‘"@’ﬁb%’]‘%ﬁ si Snal to

‘a second ehgﬁbgigugyrrent of magni tude and direction necessary to cause
sai'd notor- to r ot at(e)sal %o grntarsgcclal’é ciq__hbggég rcgnéx%'ldsmarc[ea*orp()s' tion.
rotating sald_contrcl surface from a neutral p051t10n at which no
lateral thrust is imparted to said cable to a second position at
which a desired lateral thrust is imparted to said cable,
(b) receiving means assoclated with each contrcl surface
for decoding the control s;gnals from said vessel and produclng a
first electrlc current of magnitude and. dlrection necessary to cause-
- . said motor to rotate said control surface of sald second position;
(c) means associated with each control surface for '
automatically returning said control surface to said neutral _
positionfafter the desired lateral thrust has been imparted to said
cable by said contrcl surface, said means comprising:
(i) a plurality of switches fixed in circular
orientation;
(1i) a cam mounted within the circular orientation
of said switches for rotational movement with
control surface, the rotational movement of said-
cam sequentially actlvatlng said switches to
provide an orientation signal representative
of the direction and magnitude of the rotation
of the control surface; and ' .
(iii) means for converting said orientation signal
to a second electric current of magnitude_and
- direction necessary to cause said motor to
rotate said control surface back to said neutral
position. . '




